Although the mycological content of white cheese has been extensively studied, little data is available concerning the existence of aflatoxin M1 (AFM 1 ) in Egyptian white cheese. Egyptian legislation does not allow for AFM 1 in milk or milk products. In this study, trace amounts of AFM 1 contamination were detected in laboratory manufactured Egyptian white cheese using either single or triple quadrupole techniques after artificial exposure of AFM 1 to raw milk used for the cheese making. Validation data proved that the triple quadrupole method was more sensitive and selective than the single quadrupole method for AFM 1 analysis. The limit of detection (LOD) and the limit of quantification (LOQ) were 0.0625 ppb and 0.125 ppb for the triple quadrupole method and 0.125 ppb and 0.250 ppb for the single quadrupole method. Recovery of AFM 1 ranged from 87% to 92% for single quadrupole and 89% to 99% for triple quadrupole using mass spectrometer techniques. Linear regression produced linear standard curves with coefficients of determination of regression of 0.9981 and 1.000 for the single and triple quadruples, respectively. Although both methods were able to measure AFM 1 , the tandem mass spectrometer produced results that were more reliable.
Introduction
Milk and its products are highly nutritious foods containing many essential macro-and micronutrients for human growth and maintenance of human health. The health of human populations is generally reflected in the condition of their food-producing ecosystems. Therefore, consumers from developing countries face food-security and food-safety issues because they depend on locally produced foods. [1] In this regard, the presence of aflatoxin M1 (AFM 1 ) in milk and dairy products constitutes a significant problem in developing countries. [2] Aflatoxins are a major class of mycotoxins produced mainly by the Aspergillus species including A. flavus, A. parasiticus, and A. nomius. [3] Metabolically, AFM 1 is a hydroxylated metabolite of aflatoxin B 1 (AFB 1 ) (Figure 1 ). [4] AFM 1 is excreted in milk via mammary glands of humans and lactating animals. [5] About 0.3%-6.2% of AFB 1 is converted to AFM 1 and excreted via milk [6] depending on many factors (e.g., animal genetics, seasonal variations, milking process, and environmental conditions [7] ). AFM 1 in milk is highly resistant to thermal degradation during milk treatments such as pasteurization or sterilization. [8] Therefore, AFM 1 contamination occurs not only in commercially processed milk but also in manufactured dairy products.
With regard to carcinogenicity, AFM 1 was relocated from Group 2B = possible human carcinogen [9] to Group 1 = human carcinogen. [10] In many countries, dairy products are consumed daily by humans of all age groups, and so the presence of AFM 1 in milk and milk products presents a high health risk. [5] In particular, AFM 1 resistance to heat treatment and the mildly acidic conditions of cheese production accounts for its contamination. [11, 12] In addition, numerous authors have confirmed that AFM 1 is bound to milk proteins [2, 13] ; AFM 1 is more concentrated in cheese than in the milk used to produce the cheese.
The most commonly used method in Egypt for determination of AFM 1 is an enzyme-linked immunosorbent assay (ELISA). AFM 1 contamination in milk and cheese sold in Kafrelsheikh, Egypt, is a serious public health problem. [14] Fallah [15] concluded that the contamination by AFM1 of white cheese samples at ≤0.297 μg/kg could be a serious public health problem in Iran. In Egypt, Amer and Ibrahim [16] found AFM 1 in cheese samples exceeding Egyptian regulations (nil AFM 1 ) and European Commission regulations (≤0.05 mg/l); however, these results were permissible for levels stipulated by USA regulations (≤0.5 mg/l).
European Community and Codex Alimentarius recommend that the maximum residue level of AFM 1 in liquid, dried, or processed milk products should be ≤0.05 mg/l. [17, 18] Additionally, the USA regulation level of AFM 1 in milk should be less than ≤0.5 mg/l. [17, 19] The Egyptian ministry of health established that fluid milk and dairy products should be free from AFM 1 . [20] The frequent presence of AFM 1 in milk products and their consumption by Egyptian people constitutes a health risk. The need to measure detectable levels of AFM1 in cheese and dairy products requires the development of a highly selective, sensitive, and accurate technique. Therefore, this study aimed to compare high-performance liquid chromatography (HPLC) coupled to two different mass detectors for quantification of AFM 1 in laboratory-fabricated white cheese samples and Egyptian commercially produced white cheeses.
Materials and methods

Chemicals
An AFM 1 standard was obtained from Sigma-Aldrich (St. Louis, MO, USA). Acetonitrile and methanol (Optima® LC/MS) and formic acid (HCOOH > 98%) were purchased from Fisher Scientific (Fair Lawn, NJ, USA). Sodium chloride, HPLC (grade >99%), and n-hexane (95%) were obtained from Loba Cheme Pvt. Ltd. (Jehangir Villa, Mumbai, India). Chloroform was supplied by Techno Pharmache (Bahdurgarh, India). Anhydrous magnesium sulfate (> 95%) was provided by Agilent Technologies (USA). Ammonium acetate (ammonium ethanoate) was obtained from Avonchem (Cheshire, UK). Ultrapure water was obtained from a Milli-Q Gradient water system (Millipore, Bedford, MA, USA). A Florisil® extraction column was obtained from J. T. Baker (Phillipsburg, NJ, USA), and an immunoaffinity column was purchased from R-Biopharm Rhone Ltd (Glasgow, UK). 
Milk and starter cultures
Cow milk (pH 6.6) was obtained from the Animal Production Research Institute, Dokki, Giza. The milk was tested for AFM 1 residue and did not show any detectable levels of this compound. Lactococcus lactis and L. cremoris (10u, cheese-mix 2) obtained from Visbyvac DIP (Wiesby, Germany) were used as starter cultures for the white cheese.
Egyptian white cheese production
Fifteen liters of milk, free from any detectable level of AFM 1 , were divided into three groups of equal volumes (Groups A, B, and C). Group A was not spiked with AFM 1 , while Groups B and C were spiked with AFM 1 in concentrations 0.50 µg/L (0.5 ppb) and 1.0 µg/L (1 ppb), respectively.
After mixing, the milk in all the groups (A, B, and C) was pasteurized at 77°C for 15 s. The milk was then cooled to 32°C, and starter culture (2 mL/100 mL) and CaCl 2 (0.02 g/100 mL) were added to the milk. Sufficient liquid calf rennet was added to coagulate the milk within 90 min (1 g rennet per 10 liters milk). Following coagulation, the coagulum (curd) was cut into cubes and allowed to rest for 10 min. The curd was then carefully transferred from the cheese vats into molds. After 1 h of draining without pressing, adequate pressure was applied at room temperature (about 21°C) until whey drainage stopped (6 h). The curd blocks were then cut into cubes (~5 × 5 × 5 cm) with a knife. The pieces of cheese were then placed into brine (14 g NaCl/100 mL water) for about 12 h at room temperature until the pH reached 5.0. After salting, the cheese cubes were transferred into plastic boxes, and brine was added to cover the surface of the cheese cubes. The cheeses ripened at 4 ± 1°C for 90 days. [21] The cheeses were manufactured in triplicate from each milk group on different dates to avoid possible cross-contamination between them.
Sample collection
A total of 50 randomly purchased white cheese samples from Egyptian supermarkets in Cairo were analyzed for AFM 1 . All samples were stored at 3°C in chillers before analysis.
Sample preparation
Cheese samples were treated for analysis according to Mayes and MacDonalds. [22] Forty grams of minced cheese were added to Celite® 545 (10 g), chloroform (150 mL), and saturated sodium chloride solution (2 mL) and blended at medium speed for 2-3 min to form a slurry. The slurry was filtered through No. 4 Whatman® filter paper. Collected filtrate was evaporated under vacuum at 60°C to dryness using a rotary evaporator. Sixty milliliters of phosphate-buffered saline, adjusted to pH 7.4, and 2 mL of methanol were added to the dried residue and placed into a separating funnel (500 mL). Hexane (100 mL) was added to the separating funnel, and the mixture was shaken vigorously to remove the aqueous sample. The layers were left to separate, and a portion of the lower (aqueous) layer (50 mL) was collected for analysis. From each sample, an aliquot (50 mL) of the filtrate was passed through an immunoaffinity column containing monoclonal antibodies bound to solid support material. The layers were allowed to separate, and a 50 mL portion of the lower aqueous layer was collected for analysis. A 10 mL portion (equivalent to 2 g of cheese sample) was passed under gravity into the immunoaffinity column, and the remaining 40 mL were kept at −20°C in glass vials for further analysis if required. Other components of the matrix sample were washed out of the column with 10 mL of water. The toxin was then slowly eluted from the column with 3 mL of acetonitrile, and the extract was evaporated to 300 µL under a nitrogen stream and re-dissolved into 3 mL of HPLC mobile phase (10 mM) of acetonitrile, methanol, and ammonium acetate in the ratio 2:6:15. The samples were then ready for injection.
Preparation of AFM 1 working and spiking solutions AFM 1 working and spiking solutions were prepared according to Iha et al. [23] by firstly preparing stock and intermediate standard solutions of AFM 1 in acetonitrile at a concentration of 5 mg/mL and 10 mg/mL, respectively. According to the International Official Method (AOAC) 970.44 [24] , working solutions were also prepared by appropriate dilution with acetonitrile. Appropriate portions of the AFM 1 stock solution were diluted with a mobile phase to concentrations of 2.5, 5.0, 10.0, 20.0, and 40.0 ng/mL (ppb). The solutions were used to form both solvent and matrix-matched calibration curves. For validation, appropriate portions of the AFM 1 stock solution were diluted with methanol to concentrations of 0.625, 1.25, 0.250, 0.5, and 1 ng/mL (ppb).
Validation criteria used to compare the studied techniques according to škrbić et al. [25] To compare the efficiency of the two liquid chromatography instruments, single quadrupole and tandem mass spectrometry, an experiment was designed to detect trace levels of AFM 1 in cheese, and this was validated by an in-house quality control procedure that met with the parameter accuracy of the following: instrumental linearity, limit of detection (LOD), limit of quantification (LOQ), recovery, and precision by relative standard deviation percent (RSD%). All validation parameters used to compare the two techniques were performed according to Škrbić et al.. [25] AFM 1 was quantified by a matrix-matched standardization procedure. Calibration solutions for matrix-matched calibration curves were firstly prepared for the uncontaminated cheese extract. Linearity of method was estimated by analysis of five standardization solutions (solvent-and matrix-matched standards) in triplicate, ranging between 2.5 and 40 ng/ml. LOD and LOQ were calculated using matrix matched standards. They were recorded as the lowest concentration of the analyte to produce chromatographic peaks at S/N of 3 and 10, respectively. [26] For recovery percentages, the determination was made by using predetermined AFM 1 concentrations obtained from spiked blank samples. Five levels of fortification (0.0625, 0.125, 0.25, 0.50, and 1 ng/gram of AFM 1 for prepared white cheeses) were selected for both techniques (Table 1) . Recovery experiments were carried out in triplicate for each AFM 1 contaminant level. Spiked samples were left overnight at room temperature to allow for solvent evaporation and equilibration between the analyte and the matrix. [25] Method repeatability was determined as the RSD% of the AFM 1 content in the four fortified samples using each technique type. Table 1 and Table 2 shows the LC-MS/MS conditions and Aflatoxin M1 ([AFM1+H]+) ESI-Positive mode elution conditions. 
Standard preparation and calibration curve
A series of calibration solutions were prepared using stock solution at concentrations of 2.5, 5, 10, 20, and 40 AFM 1 ng/ml. Calibration curves were constructed by plotting the peak area for each calibration solution against a concentration of injected AFM 1 ( Figure 5 ).
Instrument analysis
LC-MS/MS condition
Applied Biosystems 4000 Q-TRAP ® LC/MS/MS system triple quadrupole/linear ion trap mass spectrometer.Analyst, Version 1.5.1, Portion Copyright ® 2005 (Versant Corporation, CA, USA). The column used was C18 column (150 mm × 2 mm, 5-μm particles (Phenomenex, Torrance, CA, USA).
Solvent gradient:
Statistical analysis
The data were analyzed by t-test, Fischer exact probability test, and a linearity of calibration curve test at probability, p < 0.05, using an IBM SPSS statistical package. [27] Results and discussion
Generally, milk and its derivatives are consumed daily by humans and suckling animals and are of primary importance in the diets of children. Most countries set a maximum permissible level of AFM 1 in milk, which vary from 50 ng/kg in the EU, 500 ng/kg in the USA [18] , and nil (zero) in Egyptian Regulations. [20] The spectrum of AFM 1 precursor ion (at positive ionization mode) by LC-MS is shown in Figure 2 . Extracted ion chromatography for AFM 1 by LC-MS is presented in Figure 3 . Figure 4 shows total ion chromatogram (TIC) for AFM 1 as generated by LC-MS/MS. These data confirmed that the best-optimized condition for measurement of AFM 1 was the latter one. Validation data for AFM 1 for the two systems are shown in Table 1 . The limit of detection (LOD) was 0.125 ppb and 0.0625 ppb for single and triple quadrupole, respectively, whereas the limit of quantification (LOQ) was 0.250 ppb and 0.125 ppb for single and triple quadrupole, respectively. This indicated that the tandem mass spectroscopy was more sensitive than the single quadrupole technique. This is clearly demonstrated in Figure 5 where the calibration curve shows regression equal to 1 for the triple quadruple, and the regression was 0.9981 for the calibration curve produced by the single quadruple system. For both of these techniques, the curve fitness was acceptable because their coefficients of determination (R 2 ) were greater than 0.99. [28] The signature of AFM 1 MRM transition was tested for selectivity and linearity in a sample matrixmatched calibration curve ( Figure 5 ). The most selective transition with the best regression was observed in the LC-MS/MS technique where the linearity was exactly 1. The two methods showed good precision, accuracy, and similarity. The mean accuracy and precision values (RSD%) were 99.25% and 8.67% for the single quadrupole and 100% and 6% for the triple quadrupole mass spectrometer techniques, respectively. This observation was augmented by that of Wang et al. [29] who recorded a similar result using a tandem mass spectrometry technique. From a health hazard point of view, AFM 1 was detected in dairy products at levels 2-5 times higher than those in milk. [14, 30, 31] Our results showed that AFM 1 was concentrated during manufacturing in the range of 1.74-1.82 times for the single quadrupole technique and between 1.86 and 1.95 times for the triple quadrupole method (Table 4) . Table 5 compares the results of 50 samples tested for AFM 1 by both techniques. There was no significant alteration in the mean levels of AFM 1 for the randomly collected white cheese samples by the two systems (Table 6 ). However, the triple quadrupole appeared more sensitive than the single quadrupole. There was a significant increase in detection of AFM 1 positive samples (p < 0.001) for the triple quadrupole technique (50%) compared to the single quadrupole technique (38%) as shown in Table 6 . The recorded increase in the concentration of AFM 1 in white cheese compared to the prospective milk in the current study was in agreement with Yousef and Marth. [32] Other reports also demonstrated a range between 2.5 and 3.5 times in hard type cheeses: Teleme cheese, white cheese, and Grana Padano cheese. [14, 30, 31] There were some variable results of the presence of AFM 1 in the studied cheeses. These variations could have occurred because of the types of cheese studied, type and degree of milk contamination, cheese-making processes, as well as the analytical techniques used. The concentration of AFM 1 in the examined cheeses could have been because of its high stability during processing. [9] In addition, the distribution of AFM 1 in milk is not homogenous because of its hydrophilic interactions, and it can be bound to casein [14, 33] because AFM 1 has a great affinity to casein in the milk. This feature of AFM 1 explains the enrichment factor (EF) of AFM 1 in cheese.
Our study demonstrated that 38% of randomly collected Egyptian white cheese samples were found to be contaminated with AFM 1 using the single quadrupole technique, whereas 50% of these samples were found to be contaminated with AFM 1 using the triple quadrupole technique. There were statistically significant differences (p < 0.001) between the detection of AFM 1 in the two systems as shown by the Fischer exact probability test. This result indicated that there are significant differences between the two system for detecting AFM 1 (i.e., the triple quadrupole technique was more sensitive for detection of AFM 1 than the single quadrupole for the same sample). This observation was augmented by the higher maximum and lower minimum levels (13.25-0.13 ppb) obtained from the triple quadrupole technique compared to the single quadrupole technique (11.2-3.3 ppb) ( Table 6 ). However, the averages of the data for both techniques were not statistically significant.
When comparing the results obtained by liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS), six samples out of 50 (12%) showed a positive result in the range of 0.130 ppb to 0.195 ppb, although they were previously recorded as not detected (M 1 ) by single quadrupole mass spectrometry (Table 5) . Generally, LC-MS/MS is a widely used analytical tool for compound screening. [34] There was no significant difference in chromatographic peak retention time of AFM 1 in the tested samples compared to those of corresponding standard chromatographic peaks. Differences did not exceed 5%, and so this was accepted when there was no internal standard used. [35] 
Conclusion
Based on the white cheese samples collected from Cairo supermarkets and stringent legislation in Egypt, the occurrence of AFM 1 is a serious public health hazard. The concentrations of AFM 1 in Egyptian white cheeses were between 1.75 and 1.95 times that of the milk used for the cheese production. With regard to increasing amounts of white cheese consumption in Egypt, studies of AFM 1 in cheese products must be increased due to spreading out of the fungi globally. Therefore, avoiding contamination of milk with AFM 1 appears to be the only practical way to ensure the safety of milk and milk products for human consumption. To control AFM 1 in white cheese, it is necessary to reduce AFB 1 contamination of dairy cattle feed by stopping fungal growth and AFB 1 formation in agricultural commodities for animal use. In conclusion, the contribution and potential of MS-based techniques were clearly shown as they can detect trace levels of AFM 1 in white cheese because of their high sensitivity. Although there were a number of studies explaining the detection of AFM1 either only LC-MS or LCMSMS only [36] [37] [38] [39] [40] [41] [42] [43] , this study showed the detection of AFM1 by these two methods
